Abstract This paper considers the problem of finding suitable sites for wind farms in a region 7 of Catalonia (Spain). The evaluation criteria are structured into a hierarchy that identifies several 8 intermediate sub-goals dealing with different points of view. Therefore, the recent ELECTRE-III-H 9 hierarchical multi-criteria analysis method is proposed as a good solution to help decision-makers.
-Discordance test: None of the criteria should strongly be against the assertion aSb. Otherwise, 140 the relation aSb does not hold.
141
The credibility ρ(a, b) of the outranking is determined by comparing a and b and obtaining a 142 partial concordance index c j and a partial discordance index d j for each criterion g j in set G.
143
From the elementary indicators ELECTRE-III-H generates a preference structure of alter- pre-order at g 1.2 is computed from the partial pre-orders obtained for g 1.2.1 and g 1.2.2 , and so on 152 up to the root. 
167
-Indifference threshold (q j ): below which the decision-maker is indifferent to the evaluation of 168 alternative a and alternative b on criterion g j .
169
-Preference threshold (p j ): above which the decision-maker shows a clear strict preference in 170 favor of alternative a over b on criterion g j .
171
-Veto threshold (v j ): where a discordant difference larger than the veto in favor of b with respect 172 to alternative a will require to negate the outranking relation aSb.
173
At the bottom level, these thresholds are based on the performance values of the alternatives 174 on the elementary indicators. At the upper levels, these thresholds are defined with respect to the 175 rank order value of the alternatives in the partial pre-orders.
176
For each pair of alternatives (a, b), the binary relations φ ∈ {P, I, P − , R} connect them in O j 177 on the j − th criterion. Considering this, partial concordance and discordance indices from partial 178 pre-orders are calculated on the basis of the relation φ between a and b as follows: fore, the partial concordance index is set to its maximum value while the partial discordance 181 index to its minimum. 
An overall concordance c(a, b) is calculated as a weighted average of the partial concordances.
193
Next, the calculation of the credibility degree ρ(a, b) of the outranking relation is done by including 194 the criteria g j ∈ J, being J = {g j |d j (a, b) > c(a, b)}, which is the set of criteria that have a 195 discordance value greater than the overall concordance.
The exploitation of the credibility values is known as Distillation. to preference thresholds (q j (a), p j (a), and v j (a)), and has a partial pre-order O j containing the So that, 
286
We analyze the conditions where aSb holds for incomparability relations. We assume that 287 λ ≥ k c − α ⇒ aSb. As a reminder, the partial concordance has been defined as:
289
Proof Having alternatives a, b ∈ A, if the binary relation aR j b holds and
298
all O j in D, the numerator of the concordance indices expression is always positive, increasing the 300 base value k c , such that:
309
Proof Having alternatives a, b ∈ A, if the binary relation aR j b holds and 
318
When analysing the case below, let us remember that the value of the discordance index is given by the following equation:
319
all O j , the difference between the rank order value of alternative a with respect to b is larger than 321 the permitted threshold p j (b), making an opposition to the outranking relation aSb. Thus, we have: 
Properties of ELECTRE-III-H

327
This section provides the main properties of the construction of the outranking relation for partial 
348
-If aR j b and a improves and b deteriorates then the following cases may occur:
• If aR j b remains but a improves and b deteriorates with respect to other alternatives in we can write this property as follows:
Proof By construction, in any partial pre-order, if ∀j, Proof Let us consider A = {a, b, c} where
The non-fulfilment of the property of "independence of irrelevant alternatives" leads to the 373 problem known as "rank reversal" or "rank invariance principle". It is a phenomenon that occurs 374 when in a decision process a ranking O is obtained from a set of alternatives A and the addi- naturally result in a different recommendation.
397
The same happens in the hierarchical version ELECTRE-III-H because the calculation of the 398 relation aSb from partial pre-orders does not fulfil the independence of irrelevant alternatives.
399
As the rank order value of the alternatives is related to changes of the rank order value of the 400 remaining alternatives, any change from a lower level will affect the preference relation matrix M or the amount of power that can be generated is determined by the capacity that can be installed.
499
Since these criteria represent four well differentiated needs related to different actors, we propose 500 to construct a decision model that is able to take into consideration these four dimensions. and so no priority is defined for them. At the elementary level, the indifference thresholds given 530 in Table 6 are used, the preference is set equal to indifference p j (a) = q j (a) and we work without 
At the root node, these four rankings (i.e. the corresponding partial pre-orders) are merged 553 with ELECTRE-III-H, and the overall ranking obtained with this base scenario is shown in Fig. 8 . Moreover, using ELECTRE-III-H (see. Fig. 9 ) and following the performance matrix (Table 6) , we 562 can conclude that the incomparability between alternative R with respect to alternatives ST and
563
CBST may be because of the poor economic performance of R and installed capacity criteria and 564 its better performance on the ecological and social criteria.
565
In order to fully show the power of ELECTRE-III-H, in the rest of this section other sce-566 narios will be considered, to study the impact of the different parameters at the elementary and 567 intermediate levels.
568
Due to the uncertainty of the predictions, three scenarios (base, tolerant and strict) have been 569 defined. The difference is in the degree of veto at the elementary and intermediate levels (see 570   Table 7 ). The base scenario is defined without veto at the intermediate and elementary levels, and no veto (T I 2 ). The last scenario is more strict with veto at both levels with the same structure 574 mentioned in tolerant scenario in SI 1 , SI 2 and SE. These scenarios are analyzed in subsection 5.1.
575
Notice that in this initial study, the indifference and preference thresholds at the intermediate level are set to 0, due to the reduced number of alternatives (i.e. giving a maximum of 6 in the rank 577 order value). Other thresholds will be considered in section 5.2.
578 Table 7 : Three Scenarios
Testing different preference thresholds at the elementary level
579
In the first analysis, using the constant thresholds of the intermediate level q j (a)=p j (a) = 0, we 580 set q j (a) at the elementary level as defined in Table 8 . Then, we compare the results obtained at on the elementary indicators. We consider two situations: p j (a) = q j (a) and p j (a) = 2q j (a) (see 583   Table 8 ).
584 Table 8 : Indifference and preferences thresholds We first analyze the rankings obtained at the three intermediate criteria (see Fig. 9 ). In order
585
to compare the results, we have assigned each alternative a rank position following the relations in 586 the partial pre-order (being 1 the top of the ranking, the best option). We can see that CBST is 587 the winner according to the economic criteria, NP is the winner according to the ecological criteria 588 and CB-Pre is the winner according to the social criteria always. We can also see that the ranking 589 is quite stable for the economic criteria when changing the p threshold, as well as for the three 590 scenarios (basic BE, tolerant TE and strict SE). This shows that the economic issues define a clear 591 order among the sites. For the ecological criteria, the ranking is also quite stable in all cases. On 592 the contrary, the social criteria show more variation in the positions, as well as many ties (which 593 may be due to indifference or incomparability). Note that some overlaps occur between the lines Table 8 and
(see Fig. 11 ). In fact, this is the least stable alternative. We also see differences in the position Table 9 using various preference, indifference, and veto thresholds in terms of the number of 633 alternatives (m − 1 = 6). Notice that we increase the thresholds from Case 1 to Case 4, being 634 increasingly tolerant each time. However, the thresholds for "installed capacity" are fixed in the 635 base configuration.
636
The results obtained for these cases from lower to higher q and p thresholds are displayed in is not modified in the tests). In fact, in Case 4, the ranking is directly given by the performance 647 of the alternatives for the installed capacity criterion. In the previous section we studied the neutral case in which all the sub-goals had the same influence First, we will keep the same weight for all these criteria and will change the veto power, which 655 is the right of opposition to the opinion of the other criteria. Afterwards, we will give more weight 656 to one of the criteria instead of veto power, in order to check if the voting power given by weights 657 provides the same result.
648
658
For the first test, three configuration scenarios of threshold values in the intermediate criteria
659
are considered, including the "Strict veto for economic concern", "Strict veto for ecological concern" 660 and "Strict veto for social concern". These scenarios are presented in we set p = 2q and we will consider the TE and SE scenarios defined as before. Results in Fig. 14 show that the rankings are generally stable. Strict veto on the economic 665 criteria ranked CBST and R as the best options. CBST is the best alternative based on economic 666 factors, but because of its poor performance on the rest of the criteria, R is tied in first position. In the ecological indicators are the best (excluding alternative NP) and it also performs well for the 670 economic and social criteria.
664
671
A similar situation can be found when using more veto power for social concerns -where CB-Pre 672 ranked second when strict elementary parameters (SE) were applied. CBST also becomes the first 673 alternative in the ranking, rather than R, because the base scenario and SE alternatives CBST 674 and R are both ranked second, while for the TE alternative, CBST is ranked fourth and R is first 675 (see Fig. 9 ). given five times more weight to one criterion than the others. The thresholds are now set to be the 682 same as the base case (BE) and p j (a) = 2q j (a).
683
The partial pre-orders obtained at global level are presented in Fig. 15 . They can be compared 684 to the partial pre-orders obtained using strict veto on one the same criterion, which are displayed 685 in Fig. 16 . When comparing this analysis with the one incorporating the strict veto for each 686 criteria, we can observe that they do not have a similar effect on final rankings. For instance, using 687 more weight for the social criteria drastically changes the outcomes of the method compared to and Montblanquet). It can be seen that it is impossible to simultaneously optimize all criteria.
751
The compromise solution found in this study is Project R, which proposes a reduced number 752 of windmills away from Senan and Montblanquet. The paper also shows that the importance of 753 one criterion for the final decision can be given with a large weighting, or with a strict veto power.
754
However, each case has a different influence on the model and final decision.
755
Two main directions will be considered for future work. Firstly, and from a theoretical point 756 of view, an automatic system for finding the values of parameters that best reflects significant 757 changes in preferences can be developed. Secondly, the application of ELECTRE-III-H to other 758 real problems in selecting renewable energy alternatives is being considered.
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